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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] It is the step which calculates the joint model of a composite, (a) Said joint model two or 
more alienation showing two or more points in the notional fiber of the finite aspect ratio extended 
in a notional matrix — with the arranged notional joint Two or more functions which express the 
physical property of said notional fiber and said notional matrix with the correlation of the variation 
rate and strain energy to each adjacent node of each joint are taken in. The step which prescribes 
said correlation that said function contains the component said strain energy indicates the shearing 
stress of said matrix ingredient to be, and calculates the joint model of this composite Furthermore, 
the step added as said function shows that said notional complex destroys at least one notional 
deformation under said notional deformation, The step as which destruction of said complex 
determines the thing accompanied by destruction of fiber, and the thing accompanied by destruction 
of only a matrix from said function, Until this model shows destruction of only a matrix to the fiber 
of the 1st aspect ratio and destruction of fiber is shown to the fiber of the 2nd aspect ratio using 
the model showing the fiber of different die length The step which predicts said 1st aspect ratio and 
the critical aspect ratio between the 2nd aspect ratio by this including the step which repeats said 
step, (b) The step as which at least a part chooses the actual fiber of at least 1, and an actual 
matrix based on the result of said joint model operation step, And (c) The manufacture approach of 
fiber and the complex incorporating a matrix characterized by including actual selected fiber and the 
step which forms the actual composite of at least 1 from an actual matrix. 

[Claim 2] It is the approach of claim 1 characterized by including the notional bond with which said 
joint model carries out cross coupling of said notional joint, and for each bond expressing the 
specific part of said fiber as said notional matrix, and said function including the relation between 
strain energy and the die length of said bond. 

[Claim 3] The approach according to claim 1 that said joint model is characterized by said function 
including the relation between strain energy and said include angle including whenever [ between 
said bond / conceptual target angle ]. 

[Claim 4] The approach according to claim 3 characterized by including the step as which the step 
which calculates said model determines the strain energy absorbed with said each bond, and the 
step which determines whether this bond broke by comparing this strain energy with the cohesive 
energy of said fiber or said matrix. 

[Claim 5] The approach according to claim 4 characterized by including the step at which the step 
which determines the strain energy absorbed with said each bond assigns a part of strain energy 
relevant to said each include angle between this bond and another bond to said each bond. 
[Claim 6] Furthermore, the approach according to claim 1 characterized by said model predicting the 
critical aspect ratio to two or more combination of fiber and a matrix which has the value from 
which said parameter differed including the step which repeats the step which said model calculates, 
and the step to which one or more parameters which specify said fiber, said matrix, or the 
mechanical characteristics of those both in this repeat are changed. 

[Claim 7] Furthermore, this selection step is an approach according to claim 6 characterized by 
performing so that said parameter to said actual fiber and said actual matrix may become almost 
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equal to said optimum value including the step which calculates the optimum value of said parameter 
which gives the minimum value of said critical aspect ratio. 

[Claim 8] The approach according to claim 6 characterized by said parameter containing the 
modulus ratio of said fiber and said matrix. 

[Claim 9] The approach according to claim 8 characterized by said parameter containing the 
cohesive energy ratio of said fiber and said matrix. 

[Claim 10] The approach according to claim 9 characterized by including the step which the step to 
which said parameter is changed chooses according to the well-known physical-properties data 
which specify the value which can attain physically the value which said modulus ratio and said 
cohesive energy ratio can take about these ratios. 

[Claim 1 1] Elastics modulus Ef and int of a proper And two or more fiber which consists of textile 
materials which have the cohesive energies Uf and int of a proper Elastics modulus Em and int of a 
proper And cohesive energies Urn and int of a proper It comes to embed into the matrix which 
consists of a matrix ingredient which it has. The modulus of elasticity and said cohesive energy of 
said proper of said ingredient specify the proper joint model criticality aspect ratios Sc, nm, and int 
by this. Said fiber is the apparent elastics modulus Ef and app. And apparent cohesive energies Uf 
and app It has. Said matrices are the apparent elastics modulus Em and app. And apparent cohesive 
energies Urn and app It has. The modulus of elasticity of said appearance and the cohesive energy 
of said appearance specify the apparent joint model criticality aspect ratios Sc, nm, and app by this. 
At least one side of said matrix and said two or more fiber Complex characterized by having 
incorporated the physical means in order to adjust either [ at least ] the elastic modulus of the 
appearance, or apparent cohesive energy to a different value from the value of a corresponding 
proper so that Sc, nm, and app may become smaller than Sc, nm, and int. 

[Claim 12] Ef and int Em and int It is large and said physical means is Em and app. Em and int 
Complex according to claim 1 1 characterized by including a means to adjust to a large value. 
[Claim 13] Said Em and app Complex according to claim 1 2 characterized by a means to adjust 
containing the microparticulate filler distributed in said matrix. 

[Claim 14] Ef and int Em and int It is large and said physical means is Ef and app. Ef and int It is 
Emapp so that it may become small. Complex according to claim 1 1 characterized by including a 
means to adjust to adjust. 

[Claim 15] It has configurations other than a cylindrical rod with said solid fiber, said physical means 

has said configuration of said fiber, and said configuration is Ef and app. Ef and int Complex 

according to claim 14 which is the configuration which becomes small. 

[Claim 1 6] Complex according to claim 1 5 characterized by said fiber being hollow. 

[Claim 17] Complex according to claim 11 which said matrix ingredient is an organic material, and is 

characterized by coming to be chosen out of the group which said textile materials become from 

carbon and glass. 

[Claim 18] Coming to embed two or more fiber into a matrix, said fiber is the apparent elastics 
modulus Ef and app. Cohesive energies Uf and app with which applying is rich Having, said matrices 
are the apparent elastics modulus Em and app. Cohesive energies Urn and app with which applying is 
rich Complex with which it has and the elastic modulus of said appearance and cohesive energy of 
said appearance are characterized by specifying the joint model criticality aspect ratios Sc, nm, and 
app of appearance smaller than about 25. 

[Claim 19] two or more fiber — the inside of a matrix — embedding — becoming — said fiber — 
apparent elastics modulus Ef and app having — said matrix — apparent elastics modulus Em and 
app having — Efapp / Em and app about 10- complex characterized by being about 20. 
[Claim 20] Ef, app / Em and app Complex according to claim 19 characterized by being about 13 - 
abbreviation 18. 

[Claim 21] Ef, app / Em and app Complex according to claim 20 characterized by being about 15. 
[Claim 22] Said fiber is the elastics modulus Ef and int of a proper. The textile materials which it has 
are included and said matrices are the elastics modulus Em and int of a proper. The matrix 
ingredient which it has is included and they are Efapp / Em and int. Ef, int / Em and int Complex 
according to claim 19 characterized by the small thing. 
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[Claim 23] Complex according to claim 22 characterized by coming to be chosen out of the group 
which it is chosen as out of the group which said textile materials become from polyester, aramid, 
metallic material, and a nonmetal inorganic material, and becomes, and said matrix ingredient 
becomes from an organic polymer. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the complex which comes to incorporate fiber as 
one phase, and its manufacture approach in more detail about complex and its manufacture 
approach. 
[0002] 

[Description of the Prior Art] It is defined as the thing containing two or more phases which have a 
different physical property from "complex" thru/or "composite material." Usually, these phases 
consist of a different ingredient. Many of complex has incorporated the fiber which consists of a 
rigid, generally comparatively high ingredient into the matrix which consists of another, usually more 
low rigid ingredient. For example, a polymer is strengthened by the fiber which consists of glass, a 
ceramic, or carbon in many cases, and a metal can be strengthened with the fiber which consists of 
a ceramic. 

[0003] Complex shows the peculiar problem which is not seen with the ingredient of a uniform single 
phase. There are various limits and a problem of balance in the actual approach of manufacturing 
composite material and fabricating it in the configuration for which it asks. If the ratio of the volume 
of the fiber to the volume of a matrix is made into a comparatively small value, using fiber short in 
comparison, fiber strengthening complex can be manufactured more cheaply in many cases. On the 
other hand, the physical property of complex like tensile strength or a modulus of elasticity in 
tension is especially making the volume of fiber increase, and is lengthening fiber length, and often 
improves. The design of complex often includes taking balance of these elements that compete. 
[0004] Affecting the degree to which the die length of fiber resists a surrounding matrix and fiber 
can support a load like a tension load has been recognized for a long time. Considering the case set 
on the basis of a tension load which acts on a pad the fiber which has high elongatedness more 
substantially than a certain matrix ingredient, and acts the whole on this grain direction into this 
matrix ingredient, such a situation can be explained. Since a load gets across to fiber through the 
matrix which adjoined soon, all the tension loads that join fiber are directly related to the load 
currently supported by the field of the matrix ingredient which encloses this fiber soon. When very 
short fiber is used, the field of the matrix ingredient which encloses fiber soon is comparatively 
small, therefore its load which gets across to fiber to deformation with a matrix ingredient is also 
comparatively small. Even when a matrix ingredient deforms till the breaking point, the amount of the 
load which gets across to fiber is very small. On the contrary, in the case of very long fiber, the 
matrix ingredient which encloses fiber exists as a remarkable field, and the amount of the load which 
gets across to the fiber per unit deformation of a matrix ingredient serves as a big value 
corresponding to die length. For this reason, even when a matrix ingredient carries out comparatively 
small deformation, a remarkable load will be applied to fiber. 

[0005] Even when very short fiber is used, and complex breaks, destroying fiber is not continued, 
but when very long fiber is used, fiber will be destroyed before complex breaks. Usually, the 
vocabulary "critical die length" is used as what means the die length of the fiber which forms the 
boundary between behavior of these two types of destruction. In fiber shorter than critical die 
length, when the stress to destruction is applied to complex, a matrix ingredient is destroyed in the 
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condition that fiber is as it is. On the other hand, for fiber longer than critical die length, before a 
matrix ingredient breaks, fiber is destroyed. The die length of fiber is often expressed by the 
diameter of the fiber in the die length and the expanding direction of the fiber in the aspect ratio 
(aspect ratio), i.e., the expanding direction, and a right-angled direction thru/or the ratio with the 
upper limit. Critical die length can be expressed as a critical aspect ratio. 

[0006] It depends for critical die length or a critical aspect ratio on the physical property of textile 
materials or a matrix ingredient greatly. If extent which can generally improve the physical properties 
of the reinforcement and others of complex by making fiber length increase becomes longer than 
critical die length, it will decrease. When complex is constituted combining a specific ingredient with 
critical fixed die length, and the thing of the fiber length far beyond critical die length is used, it is 
common for effectiveness to be bad. Such long fiber will give the problem of workability further, 
without raising not much the property attained in composite material. Therefore, it is desirable to get 
to know a critical aspect ratio in relation to various combination of fiber and a matrix. Although 
critical die length can be determined by testing by producing a complex sample, this kind of 
experimentation spends much time amount, and requires many costs. Moreover, it is desirable to 
understand the effectiveness when changing the physical property in critical die length a lot 
[0007] 

[Means for Solving the Problem and its Function] the voice of this invention — that one [ like ] was 
accepted and believed with the conventional technique, and — a critical aspect ratio is the 
monotonous function of a modulus ratio — includes recognition of not being right. While the critical 
aspect ratio (and critical die length) was the function of a modulus ratio according to this mode of 
this invention, it became clear that it was the function of the ratio of the cohesive energy of fiber 
and the cohesive energy of a matrix which are called the "cohesive energy ratio" in this 
specification. And the specific range of a modulus ratio where a critical aspect ratio will be in the 
condition near min or it exists to the cohesive energy ratio of arbitration. The ingredient with such a 
critical aspect ratio that makes min the combination of a modulus ratio and a cohesive energy ratio 
offers the optimal composite material. The concept that a critical aspect ratio is a smaller value in 
the set of the complex of these specification is important in many respects. The critical aspect ratio 
in the combination of these optimal fiber and a matrix can use shorter fiber, unless a critical aspect 
ratio is exceeded, since it becomes a value smaller than the critical aspect ratio in the combination 
of other fiber and a matrix. If it has another way of speaking, the optimal complex formed by the 
fiber and the matrix by this mode of this invention will give balance between physical properties and 
workability better than other combination. Recognition that the complex with which this mode of this 
invention has further so far been used typically is out of these suitable range is included. 
[0008] the range where an elastic modulus is suitable in the complex which has a suitable cohesive 
energy ratio — about 10- about 20 — desirable — about 13- about 18 — it is about 15 most 
preferably. This mode of this invention offers the complex which has the modulus ratio of these 
suitable within the limits. Preferably, the complex by this mode of this invention can contain 
inorganic fibers, such as polymer fiber thru/or glass, and carbon, in the real target like the 
combination of a polymer or a polymer, including an organic matrix ingredient. In the physical 
property of the proper of a pure organic polymer or typical fiber, an elastic modulus usually becomes 
what separated from the above-mentioned suitable range. For this reason, the desirable complex by 
this mode of this invention includes the physical means which changes fiber, a matrix, or its both 
that the physical property of different appearance from the physical property of the proper of the 
pure ingredient of fiber, a matrix, or its both should be given. 

[0009] In order to determine a critical aspect ratio, the joint model with which complex was 
improved is used for another mode of this invention. This model includes the notional joint which the 
plurality showing two or more points in the fiber of at least 1 which has elongation and a limited 
aspect ratio in the expanding direction within the matrix which encloses fiber estranged. This 
vocabulary of "being notional" is used in relation to the joint of this model, in order to show not 
complex with this actual model but that it is the complex expression like a mathematical expression 
based on a computer in fact. 

[0010] Moreover, this model contains two or more functions with which the mechanical property of 
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fiber and a matrix is expressed as a correlation between the variation rate of each notional joint to 
each adjoining notional joint, and the force or the strain energy preferably conserved in deformation 
between these adjacent nodes, that is, the adjacent node of each set of these formulas is relative 
— a variation rate and the force of acting during these joints — it is preferably related to strain 
energy. Generally, such a function is based on the mechanical property of an ingredient to which at 
least the part exists notionally during each joint. These functions are chosen so that the force or 
strain energy during the joint predicted by this function may contain the component showing the 
shearing stress in an ingredient. Especially, in a desirable configuration, these joints are arranged at 
the grid of the shape of the shape of a triangle, and a pyramid, and this model can contain the 
notional bond (bond) to which cross coupling of the joint of the nearest neighbors in this grid is 
carried out. It can be feeble and these functions can contain the formula which met such each bond 
and which specifies the relation between strain energy and the die length of this bond. These 
functions also include the term showing change of the include angle between bond most preferably. 
[001 1] this voice of this invention — when the desirable approach of depending like adds at least 
one deformation into a model, this model shows that complex breaks under this notional load or 
. deformation including the step which calculates this model. Preferably, this approach contains the 
step which repeats the operation like the above until this model shows matrix destruction to the 
fiber of the 1st aspect ratio by determining whether destruction of complex includes destruction of 
fiber, or destruction of a matrix using the model showing the fiber of die length different 
subsequently at least and it shows fiber destruction to the fiber of the 2nd aspect ratio at least. 
This model predicts a critical aspect ratio as mentioned above. 

[0012] Preferably, by the approach by this mode of this invention, at least a part contains further 
the step which chooses at least one actual fiber and at least one actual matrix based on the result 
obtained by the operation of this model. As for fiber and a matrix, it is desirable to be chosen so 
that it may have the physical property as which actual fiber and an actual matrix were expressed by 
the function of this model, and the physical property which corresponds substantially. Preferably, 
actual fiber has a larger aspect ratio than the critical aspect ratio predicted with this model at least. 
Moreover, this approach contains the step which includes actual fiber and an actual matrix in 
complex. 

[0013] The approach by this mode of this invention may also contain the step which repeats the 
operation of a model while changing further at least one parameter in the model function which 
specifies the physical property of this model in a continuation operation, and this model predicts the 
critical aspect ratio to two or more combination of fiber and a matrix which has the value from 
which at least one parameter changed by the above-mentioned continuation operation differed in 
this case. As for the step which gives actual fiber and an actual matrix, it is desirable that resemble 
the mechanical characteristics of a lot at least, and the step which fiber gives actual fiber and an 
actual matrix so that it may have an aspect ratio equal to the aspect ratio which those actual 
mechanical characteristics used in the repeat operation of this model, and which this model 
predicted to the mechanical characteristics of this lot at least at least is included. The approach by 
this mode of this invention contains most preferably the step which chooses the combination of the 
optimal mechanical characteristics from which a critical aspect ratio serves as min from two or more 
combination of the mechanical characteristics used for various operations of this model. That is, the 
fiber used for actual complex and the mechanical characteristics to which only a matrix is applied 
express the mechanical characteristics which the model predicted that a critical aspect ratio serves 
as min or its near about at least one parameter used with this model. Preferably, the parameter 
used in this model contains the rate of the cohesive energy of fiber of the elastic modulus of the 
fiber to fiber and the modulus ratio of a matrix, i.e., the elastic modulus of a matrix, of comparatively 
as opposed to the ratio of the cohesive energy of fiber and a matrix, i.e., the cohesive energy of a 
matrix. 

[0014] Still more nearly another mode of this invention includes recognition that a certain analysis 
type also predicts the critical aspect ratio to various combination of the physical property of fiber 
and a matrix. Therefore, the approach of existing by this mode of this invention contains the step 
which offers the fiber which has the combination of the physical property which calculated the 
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critical aspect ratio to the various combination of the physical property of fiber and a matrix, chose 
the combination of the physical property of the fiber which gives min or the critical aspect ratio of 
that near, and a matrix, and was this chosen further, and complex including a matrix. 
[0015] Still more nearly another mode of this invention offers fiber strengthening complex including 
the fiber formed from the textile materials which have the physical property of a proper 
respectively, and a matrix ingredient, and a matrix. It turns out that the physical property of the 
proper of textile materials and a matrix ingredient specifies the joint model criticality aspect ratio of 
a proper, that is, said model predicts the specific critical aspect ratio of the complex which has a 
physical property with the fiber and the matrix equal to the physical property of the proper of these 
ingredients which have been called the proper joint model criticality aspect ratio by this detail letter. 
In the complex by this mode of this invention, the physical property to which at least one side of a 
matrix ingredient and fiber includes the physical means which changes the elastic modulus of that 
appearance, apparent cohesive energy, or its both, consequently applies only fiber and/or a matrix 
becomes a different thing from the physical property of the own proper of these ingredients. The 
physical property of this appearance of fiber and a matrix specifies a critical aspect ratio smaller 
than the above-mentioned proper criticality aspect ratio. Critical aspect ratio which will be obtained 
if it has another way of speaking and the physical property of this appearance of fiber and/or a 
matrix will be used in a joint model — In this specification, — called an apparent joint model 
criticality aspect ratio becomes smaller than the above-mentioned proper joint model criticality 
aspect ratio. Furthermore, the physical means used in order to change the physical property to 
which only fiber is applied so that it may argue later can contain the filler incorporated into [ fibers 
] shifting from a simple, straight, and uniform fiber configuration, and/or an own one. Moreover, the 
physical means which will be carried out in order to change the physical property of a matrix and 
which is carried out can contain the void in a filler or a matrix. As for such a filler or a void in fiber 
or a matrix, it is desirable that it is a dimension smaller than microscale, i.e., fiber, or a matrix. In the 
modification of this approach, the above-mentioned analysis type may prescribe a proper criticality 
aspect ratio and an apparent critical aspect ratio. 

[0016] The ingredient by these modes of this invention includes the description which approaches 
by the set of the optimal above-mentioned complex, this point — being related — a certain 
ingredient — this voice of this invention — although it can judge by determining the 
above-mentioned proper criticality aspect ratio and an apparent in-every-direction criticality aspect 
ratio using the approach according [ whether it is what is depended like ] to a joint model, or the 
approach by the analysis type, such a judgment always is not required, in order to produce the 
ingredient itself. 

[0017] These modes of this invention can have and use profitableness for various complex 
containing one direction discontinuity complex, i.e., the complex with which two or more fiber is 
prolonged mutual almost in parallel. Although these modes of this invention are applicable to the 
complex which consists of the textile materials and the matrix ingredients of arbitration mostly, 
especially in the case of the complex containing the matrix ingredient which consists of an organic 
compound substantially, i.e., the matrix ingredient with which the amount of [ of a matrix ] principal 
part consists of an organic material like thermosetting polymer or a thermoplastic polymer, they are 
effective. As desirable textile materials, a polyether, polyolefine, an organic polymer ingredient like 
aramid, a metallic material, or a nonmetal inorganic material like glass or carbon is contained 
[0018] 

[Example] Much fiber 10 is distributing fiber strengthening complex in a matrix 12. Die-length L and 
the radius d of the body of these fiber 10 are long and slender. All the fiber in complex has the same 
die-length L usually at least theoretically. However, there is dispersion in the die length of fiber in 
actual complex, therefore, when calling it the die length of the fiber in actual multi-fiber composites 
in this detail in the letter, the value which the die length of the fiber in complex can take most is 
said, and this is usually the median (median) of the die length of fiber. It should be understood that 
similarly the vocabulary the "diameter" used about each fiber in complex means the average of the 
outer diameter of this fiber in a direction perpendicular to the die-length direction of fiber. Although 
the fiber used in complex is substantially [ often ] cylindrical, the diameter defined in this case here 
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is a diameter which is usually understood, only concerning a cylinder. The diameter of the fiber in 
actual multi-fiber composites should be understood to say the thing of the diameter which the 
various fiber in this complex can take most like the case of die length. The fiber 10 of the complex 
of drawing 1 is actually an aspect ratio (aspect ratio) Sact. It has. It is an aspect ratio Sact about 
the fiber in actual complex as used in this specification. It is the ratio of die length to a diameter, 
namely, is Sact =L/d. 

[0019] It was shown in drawing 1 and, as for complex, the fiber of "one direction" complex, i.e., a 
large number, is mutually extended to abbreviation parallel. Moreover, the complex of drawing 1 is 
"discontinuity" fiber composites. That is, much fiber has the die length of finite, therefore it has the 
aspect ratio of finite. Typically, the die length of each fiber in discontinuity fiber composites is quite 
smaller than ** outside all the complex in the die-length direction of this fiber. 
[0020] Extent which receives the diffraction loading which fiber 10 resists a matrix 12 and joins 
complex changes with the die length of fiber with the physical property of a matrix and fiber again. 
Critical die length Lc which both fiber and a matrix destroy to coincidence when a certain tension 
load is added to complex in the direction of fiber in the combination of the arbitration of a matrix 
and fiber, as mentioned above It exists. This critical die length Lc A matrix breaks first by small fiber 
length, and it is the critical die length Lc. Fiber breaks first by large fiber length. 
[0021] It is typically shown in drawing 2 showing two complex which has one fiber for the 
phenomenon in connection with destruction of complex. The complex in A, B, and C has fiber 1 4 
embedded at the matrix 16, and this fiber 14 has die length shorter than the critical die length to the 
combination of this fiber and this matrix. A shows the complex of a no-load and B shows the 
complex under a tension load smaller than the breaking load of complex, modulus of elasticity in 
tension Ef of fiber 14 if it becomes larger than the modulus of elasticity in tension Em of a matrix 16 

fiber a matrix **** — ** Therefore, a matrix shows the inclination which deforms more 
greatly than fiber. If it has another way of speaking, deformation of a matrix will be restricted to 
some extent by the force transmitted between fiber and a matrix. This force transmitted between 
fiber and a matrix gives tension to fiber. This force is limited with the comparatively small elastic 
modulus of a matrix by deformation of a matrix again. Stress concentration arises at the both ends 
of fiber. A local matrix destructive zone is made extremely greatly consequently at each edge of 
fiber by the stress transmitted between a matrix and fiber in this field. The force transmitted 
between a matrix and fiber increases and the stress concentrated on the both ends of fiber also 
increases it as the load which joins complex increases gradually, the load which joins complex 
increases and a matrix deforms the force which gets across to fiber, i.e., the tensile stress in fiber, 
— be alike and hang — it is only small — it ******. Therefore, the load concentrated in the field 18 
of the matrix which adjoins the both ends of fiber reaches fracture level, and before fiber 14 breaks, 
a matrix causes destructive destruction, as shown in 20. 

[0022] Although D, downward E, and downward F show same matrix 16' and fiber 14', fiber 14' is 
quite longer than fiber 14. If the load to add is enlarged gradually, the same phenomenon will happen. 
And the concentrated load joins field 18' of the matrix of the both ends of fiber 14', and fiber 14' is 
put on a **** condition according to the load transmitted from a matrix. However, since fiber 14* is 
comparatively long, the tension load which joins fiber is comparatively large compared with the load 
concentrated on a matrix, consequently fiber 14' reaches the breaking load before the destructive 
destruction which a matrix generates in a field 18 (it illustrates to F). 

[0023] The vocabulary "critical die length" is Lc in special fiber length. It means and is Lc. The fiber 
of short die-length L shows the behavior (it illustrates to C) which a matrix destroys, and is Lc. The 
fiber of long die-length L shows the behavior (it illustrates to F) which fiber destroys. It is the 
aspect ratio Sact smaller than the critical aspect ratio Sc similarly. For the fiber which it has, only 
destruction of a matrix takes place to dominance, and it is the critical aspect ratio Sc. Large aspect 
ratio Sact For the fiber which it has, destruction of fiber takes place to dominance. 
[0024] One mode of this invention is the critical aspect ratio Sc in various combination of fiber and 
a matrix. Critical aspect ratio Sc when the property of the new analysis type and the fiber to 
predict, and a matrix changes It is in having found out the new analysis type which predicts 
behavior. It is not required to fully argue about mathematical derivation of these analysis types, in 
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order to apply many of these relational expression found out newly. However, the general means 
used when drawing these many relational expression should be understood. Since the true stress 
distribution in the multi-fiber composites which have two or more fiber allotted by approaching is 
very complicated, it cannot be processed depending on a simple mathematical technique. Therefore, 
new relational expression is drawn using a simplified assumption which is called "rarefaction (dilute)" 
composite, i.e., the composite which is not influenced of the effectiveness that the surrounding 
stress distribution of each fiber has happened near the next fiber. Each fiber in such a thin 
composite is served as the fiber of one ** exists all over the matrix field of the shape of a cylinder 
of the radius R which encloses it. R is the distance from the medial axis of a fiber, and the stress in 
a matrix becomes equal to the average tensile strain of the composite concerned by the medial axis 
of a fiber here. R is dependent on the property of an ingredient so that it may mention later. 
Moreover, in deriving such relational expression, an assumption, i.e., an assumption that tensile 
stress is not transmitted between the matrix front faces which have covered the edge and this edge 
of fiber, that there is no edge adhesion is made. Furthermore, it is assumed on that fiber and a 
matrix maintain elasticity, that the boundary between fiber and a matrix is thin to infinity, and this 
boundary that there is no discontinuity of a strain, that is, the front face of fiber is the same as the 
matrix surface part to which it does not slide to the matrix front face which meets it, but the edge 
on the front face of fiber meets it soon rather — it is assumed that extent migration is carried out 
[0025] This analysis is performed by three-dimension system of coordinates with the coordinate x in 
alignment with the longitudinal direction of fiber, and two coordinates [ perpendicular to the 
longitudinal direction of this fiber namely, ] perpendicular to Coordinate x, or two-dimensional 
system of coordinates only with the coordinate x in alignment with the longitudinal direction of fiber, 
and one coordinate of the direction which crosses fiber. In the analysis by two-dimensional system 
of coordinates, fiber and a matrix take in the assumption of the proper of being the symmetry 
around fiber length. This assumption is realistic in almost all cases. Two-dimensional system of 
coordinates are used with the following analysis equations and equations. The coordinate x which 
met the die length of fiber makes the end of fiber the starting point. That is, it is set to x= 0 in the 
end of fiber, and is set x=L (L is the die length of fiber) in the other end. The relation between 
tensile stress sigmaf of the fiber in the point x of arbitration and tensile stress sigmam of a matrix in 
the die-length direction of fiber is as follows according to these assumptions and the usual 
equilibrium condition (the vector sum of all force which acts on a part with a system is zero) applied 
to stress analysis. 
[Equation 1] 



„f ( X ) =E*, U[1 coshP (x^L/2) /rf 
Em " cosh ^L/2 rf J 

Howev er, [Eq uation 2] 



Ed 



2Ef (l+v ffl ) 
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It comes out. Moreover, vm expresses the Poisson s ratio of a matrix, and the distance in which in 

Em the elastic modulus of fiber and rf mentioned the elastic modulus of a matrix, and Ef above, and 

a radius and R mentioned fiber above among the above-mentioned formula, respectively. 

[0026] The relation between shearing stress taui which exists in the matrix-fiber boundary in the 

point x of the arbitration in the die-length direction of fiber by the same view, and the tensile stress 

in a matrix is as follows. 

[Equation 3] 

,1 ( X ) = p Ef aa sinhff (x-L/2) /rf 

Em cosh^L/2rf J U ' 

Here, for the fiber of die length with one assumption exactly equal to the critical die length Lc which 
can be taken, I hear that the tensile fracture which happens at the middle point of fiber happens to 
the tensile fracture and coincidence of a matrix, and it occurs. 

[0027] That is, both a matrix and fiber receive stress exactly equal to each breaking stress. That is, 
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if breaking stress of sigmarn and a matrix is made [ the stress of fiber / the breaking stress of 
sigmaf and fiber ] into sigmarn* for the stress of sigmaf* and a matrix, it will become sigmaf=sigmaf* 
and sigma m=sigma m* in this case. Each breaking stress of fiber and a matrix is related to such 
elastics modulus and cohesive energies. If "harmony" assumption, i.e., an assumption that fiber 
follows Hooke's law, is used, the cohesive energy Uf of fiber will serve as 2/2Ef simply (sigmaf*). 
This formula is rewritten as follows. 
[Equ ation 4] 

a f*=V 2Ef Uf ( i v) 

Simil arly, it is [Equation 5]. 

om*=sf 2 Em Urn (V) 

In the above, Urn is the cohesive energy of a matrix, here — the ratio of a non-dimension — E — 
Ef/Em giving a definition — the same — the ratio of a non-dimension — U is defined as Uf/Um. 
A degree type is obtained shortly after substituting these formulas and definitions to the 
above-mentioned formula (I). 
[Equation 6] 

Sc= ^ c o s h~ l [ 5—= ] (VI) 

P E-VUE 

In the above, Sc is a critical aspect ratio. 

[0028] It is based on the assumption that the tensile fracture with pure relational expression VI 
happens in a matrix. The mechanism of destruction from which others may happen is that 
destruction by shearing stress becomes superior on the fiber-matrix boundary contiguous to the 
both ends of fiber. That is, when the maximum stress in fiber reaches the breaking stress of fiber, I 
hear that shearing stress taui in the end (x= 0) of fiber reaches destructive shearing stress taui* of 
a matrix, and there is. A degree type is obtained from these assumptions and Formulas I, and 
Formula III. 
[Equation 7] 

zx (x = 0) =ti*=0 [ — — ] af* (VII) 

c o s h P S c— 1 

In the above, taui is the destructive shearing stress of a matrix. However, the destructive shearing 
stress of this matrix is related to the cohesive energy of a matrix like the destructive tensile stress 
of a matrix. A degree type will be obtained if a harmony assumption thru/or the assumption of 
Hooke's law are applied again. 
[Equa tion 8] 

ri= \/ 2Gm Uffi (VIII) 

A degree type will be obtained if the above-mentioned formula IV showing the relation between this 
formula VIII, the destructive tensile stress of fiber, and cohesive energy is used. 
[Equation 9] 

Sc=| «osh-ti±i] (ix) 

It is here and is [Equation 10]. 

c= (R/rf-1) ^ 

U 



It comes out. 

[0029] Thus, Formula VI and Formula IX are based on a different assumption about the mechanism 
of destruction. Thus, drawing 3 shows the critical aspect ratio Sc predicted from the two 
above-mentioned formulas, when changing over the range where E is shown about the complex 
which is U= 2. Clearly, the possible criticality aspect ratio Sc of the value from which the mechanism 
of two destruction differed is drawn. The relational expression (that is, setting to a value with E 
curve of a higher value) which gives the value of a critical larger aspect ratio in the any value in E is 
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adopted as defining the critical die length drawn analytically. As opposed to the value of U set to the 
comparatively low value of E if it has another way of speaking critical die length Are the minimum die . 
length of fiber required in order that fiber may ensure reaching a breaking load before a matrix 
breaks by ****, and, on the other hand, it sets to the large value of E. Critical die length is the 
minimum die length of fiber required in order that fiber may ensure reaching a breaking load before a 
matrix breaks by shearing at the both ends of fiber. 

[0030] the vocabulary the "analytical criticality aspect ratio" used in this detail in the letter is 
displayed as Sc and ana to the combination (Em, Ef, Urn, Poisson's ratio Vm) of a certain physical 
properties — having — Formula VI or Formula IX — it should be understood that the thing of the 
critical aspect ratio Sc determined according to the formula which gives a large value is said, ana 
has the minimum value in the specific value of E to U of Sc and arbitration. The value of E which 
gives the minimum value here is expressed as Emins. 

[0031] It depends for the result obtained from both the types of Formula IX and Formula VI on the 
value assigned to Parameter R in part. This value is used for count of other parameters currently 
used for these formulas. In the small value of E below Emins, R is treated as a constant RO (when 
giving a value with the value of Formula VI higher than Formula IX typically). In the larger value of E 
than Emins, R is proportional to E mostly. Therefore, R is treated as R1E (R1 is a constant). The 
value of constants R0 and R1 cannot be drawn directly, but changes with U. The value of constants 
RO and R1 can be determined to a value with U from two values of the critical die length determined 
from two values of the critical die length determined from an experiment according to the joint 
model explained in full detail behind. To the group of the arbitration of such a value of two pieces, 
one side expresses E smaller than Emins, and expresses E with another side smaller than Emins. RO 
and R1 can be obtained by assigning the determined critical die length and the known value of E and 
U to an above-mentioned formula. When an example was described and it asks using the 
below-mentioned joint model, to U= 2, RO is set to about 12 and R1 is set to about 0.57. When RO 
and R1 are determined using a joint model to two values of E, Sc and ana which are determined 
according to an above-mentioned formula to other values of E in the same value of U become equal 
substantially with the critical aspect ratio of the joint model to other values of these E. If it has 
another way of speaking, if an analysis type is proofread with a joint model in two points, also in 
another point, the substantially same result will once be produced. Thus, an above-mentioned 
analysis type can be used in order to calculate a joint model criticality aspect ratio. 
[0032] According to another mode of this invention, a joint model can determine the critical aspect 
ratio of complex, the joint model said here — a physical structure model or an analog computer — it 
is the thing of a desirable mathematical model rather than it can carry out with a digital computer 
preferably. The assumption geometry configuration of one model where this mode of this invention 
was followed is typically shown in drawing 4 . This model includes two or more joints 30 mutually 
combined with two or more bond 32. A joint 30 and bond 32 are notional. That is, although these do 
not need to exist as a physical format, they are the descriptions with the need of being used in the 
model and of existing only as a transcription. Joint 30a shows the point within a matrix, and joint 30b 
shows the point in fiber. Bond 32 expresses the cross coupling during a joint 30 as relation between 
relative displacement of the point put together in a joint, and the force of acting along with the die 
length of the straight line between these points. Therefore, the bond between each joint and its 
nearest-neighbors joint expresses the mechanical property of fiber and a matrix as an interrelation 
of the variation rate of each joint to each adjacent node, and the force of acting during these joints. 
With the gestalt shown especially in drawing 4 , fiber is modeled as the one body with the diameter 
of a unit. That is, only the joint of a single tier expresses fiber and the remaining joints express the 
matrix. Moreover, the model specified as drawing 4 is a two-dimensional model. Thus, although 
actual fiber is a three-dimension object, it is expressed with a mathematical model by the single 
joint layer with a two-dimensional model. If it has another way of speaking, the mathematical model 
does not include the contact which has the field of drawing 4 up and down. 
[0033] This model is treated for bond 32 as a tension spring which has a spring constant 
proportional to the modulus of elasticity in tension of the special material which exists in 
accordance with the longitudinal shaft of this bond. And each bond 32a which combines joint 30a or 
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combines joint 30a of a matrix and joint 30b of fiber within a matrix is treated as a spring which has 
a spring constant proportional to the elastic modulus of a matrix, and bond 32b extended from one 
joint 30b of fiber to another joint 30b of fiber is treated as a spring which has a spring constant 
proportional to the elastic modulus of fiber. If it has another way of speaking, the force of a direction 
in which each bond 32a was met will be made equal to Em (r-rO). r expresses the die length of the 
bond under the conditions made an issue of here, and rO </SUB> expresses the die length of the 
bond in start conditions or zero strain conditions. Similarly, the force which met this bond is made 
equal to Ef (r-rO) to bond 32b of arbitration. 

[0034] Furthermore, since shear resistance of a matrix ingredient is expressed, in this model, it 

twists and a component or a "three-body" component is included. This torsion component can be 

considered as a thing showing the torsion spring which combines the crossing bond of each set. 

Deformation of such each torsion spring shall be proportional to change of the include angle theta 

between the crossing bond of each set, and it is assumed that the spring constant of a torsion 

spring is 1/7 of the elastic modulus Em of a matrix ingredient That is, shear resistance is assumed 

that a matrix ingredient has the Poisson's ratio of 0.1 further only with regards to the shear nature 

of a matrix ingredient. If it says about this point, generally Poisson's ratio vm of a macromolecule 

matrix will be 0.3, and Poisson's ratio vf of an actual glass fiber will usually be 0.2. However, since 

only the joint group of a single tier is used for this model expressing fiber, it is assumed that vf is 0. 

Therefore, assuming that vm is 0.3 means actual relational-expression vm-vf=0.1. Torsion is given by 

c (theta-theta 0) about the crossing bond of each set. Here, theta expresses the include angle 

between the crossing bond, and theta 0 expresses the include angle of the strain conditions 

between the same bond, and it is c=Em/10. Each bond 32 forms some of nothing, therefore such 

notional torsion springs for some such a part of crossovers. And bond 32a 1 forms four include 

angles, thetaA, thetaB, thetaC, and thetaD. Since such each notional include angle theta is the 

function of the location of three joints, it serves as a "three-body" term. For example, thetaA of 

drawing is the function of the location of a joint 30a1, 30b 1, and 30b2. 

[0035] The total strain energy of this path is given by the degree type. 

[Equation 11] 

1 1 
H= — Ea £ij (rij- ro) 2 + — c 2ijk (cos d ijk- c o s 6o) z 

(XI) 

i and j specify all the various bond here, and i, j, and k specify all include angles, r expresses the 
distance between the die length of bond, or the contacts i and j of the pair of adjoining arbitration. 
To i and j as which Ea specifies bond 32a of a matrix, to i and j which are Em and specify bond 32a 
of fiber, it is Ef, and rO expresses the start die length of various bond, and it is assumed that these 
all are equal. ;c by which thetaijk expresses any one of the above-mentioned include angles, and 
theta 0 is assumed to be 60 degrees with the starting value of the include angle is Em/10 in the 
spring constant of the above-mentioned torsion spring. 

[0036] In this model, the energy related to each bond of arbitration is expressed with a degree type. 
[Equation 12] 

hbond=i Ea (r-ro) 2 + A- [± c £ijk=neighbcrs (cos 0ijk- c o s 6o) 2 ] 

(XII) 

hbond is the energy of the specific bond made into the problem here. The expression 

ijk=neighbors" shows that total is taken covering the include angle between the bond made into the 
include angle theta, i.e., a problem, which the contiguity bond to the bond made into the problem 
makes, and other bond. For example, total includes the term of thetaA, thetaB, thetaC, and thetaD 
about the bond 32a 1 of drawing 4 . Only one half of the energy relevant to such an adjacent angle 
contributes to the bond made into a problem in the above-mentioned formula. Thus, the energy 
hbond of specific bond is treated as a thing containing one half of the total energy relevant to 
elongation of the bond concerned, and the energy relevant to deformation of each adjacent angle. 
[0037] This model is operated according to the general scheme shown in drawing 5 . The fiber length 
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evaluated in the specific run of the arbitration of this model shows the description of a specific joint 
tacitly as a part of fiber or a part of matrix. For example, by adjusting some descriptions of the bond 
which assumes that a joint 30b3 is included in a matrix rather than the inside of fiber, and is related 
corresponding to this, this model can be made so that simulation of the shorter fiber may be carried 
out. The property of a matrix and textile materials is reflected into the cohesive energies Uf and Urn 
of the fiber similarly assumed and a matrix in the assumption value of Em and Ef. By these 
assumptions, this model performs the cycle of the actuation shown in drawing 5 . It is assumed that 
only the amount chosen as the arbitration which has model structure at the time of an operation 
start deforms, if it explains using drawing 4 — this — a joint 30a4, 30a5, and 30a6 — as it is — 
coming out — Joints 307 and 30a — 309 is equivalent to an assumption that only the amount 
equivalent to the deformation chosen as the above-mentioned arbitration is displaced to the method 
of the right in accordance with the direction or fiber shaft orientations of 8 andx. 
[0038] all of others [ the following operation step ] — according to Formula XI, the location of a joint 
is chosen so that total strain energy H may become min. That is, the specific combination of the 
joint location where H becomes min is searched for from x which is in agreement with the 
deformation 30a4-30a6 assumed above, i.e., the joint location assumed by the above, and 307-309, 
and the set which consists of a group of all the joint locations r in the direction (orthogonal axis) of 
y that can be taken. 

[0039] The bond in this model and the values r and theta of an include angle are uniquely 
determined to class doubling a joint location. Therefore, the value of H can calculate based on 
Formula XII to class doubling the joint in x and the direction of y. If it has another way of speaking, H 
will be a variable which is a function of x of the function of all the locations that specify an 
independent variable, i.e., all joints, and the value of y location. Thus, x which gives the minimum 
value of H, and the problem which chooses y value are problems which only calculate the value of 
the independent several variables relevant to the minimum value of the function of these 
independent variables. The mathematical technique which calculates the value of the independent 
variable relevant to the mathematical technique method and this minimum value for calculating the 
minimum value of the function of independent several variables is known well. These are called 
"minimization" technique. The thing of the arbitration of such a technique can be used. Generally, 
they include trying to the combination of various independent variables until the specific combination 
which produces iteration or trial-and~error, i.e., the minimum value, is found in such techniques. The 
combination which should be tried is chosen according to either of many well-known mathematical 
algorithms. The desirable minimum value discovery algorithm is especially indicated by the 
"numerical formula and science count technique (Nunerical Recipes, The Art of SientificComputing)" 
Cambridge University issue which is a text written by press (Press) other, 1986, and Chapter 10 
about minimization of the function in this text, and maximization. The contents indicated in this 
chapter are referred to below. 

[0040] The minimizing method is processed it being treated in the multi-dimension space defined by 
two or more independent variables, and performing a series of Rhine minimization (Line 
minimizations), i.e., by making it move until it chooses a specific straight line in this multi-dimension 
space and the minimum value local at least is found along with the straight line. The so-called 
gradient method is used as a guide which chooses the direction of the various straight lines used by 
these Rhine minimization in the vector which consists of a ground-floor partial differential 
coefficient of the function in the gradient, i.e., the multi-dimension space, of a function. The 
so-called minimum method of descent (steepest descent meehod) performs the Rhine minimization 
in the direction of a certain arbitration, it performs the Rhine minimization further along with the 
straight line of the direction of the inclination in the place of that local minimum value so that it may 
find subsequently still more nearly another minimum value, and it repeats this process repeatedly. 
Finally, although converged to the true global minimum value, since the rate is quite slow, such an 
algorithm is not a general not much desirable approach. A more desirable minimization technique is 
called the conjugate gradient method (conjugate gradient method). In this conjugate gradient 
method, it performs along a series of directions chosen so that the direction where the Rhine 
minimization follows might serve as conjugate serially. That is, the product with a certain specific 
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matrix called the vector of such one certain direction and a "HESHIAN" ("Hessian") matrix 
generates the vector used as zero, when it takes advantaging with the vector following a degree, 
and such each direction vector passes a local minimum point along with the straight line of the last 
direction of a vector. Specific Argo RISUMU which performs the minimization by the conjugate 
gradient method is known well, is the above-mentioned text, especially is indicated by the 305~306th 
page. 

[0041] If the specific joint location which generates the minimum value of strain energy H with a 
certain model is chosen as a whole, according to the above-mentioned formula XII, the strain energy 
relevant to bond will be calculated at the following step. Subsequently the energy hbond of each 
calculated bond is tested according to an individual to the suitable cohesive energy of specific bond. 
The binding energy of bond 32a of each matrix is compared with the cohesive energy Urn of a 
matrix, and the strain energy of fiber bond is compared with the cohesive energy Uf of fiber. When 
the strain energy relevant to a certain specific bond exceeds the cohesive energy relevant to the 
bond, it is considered that the bond [ **** ] was destroyed. 

[0042] The procedure of this step is related to the important description of this model. Since the 
formula of the strain energy relevant to the formula of total strain energy, especially specific bond 
includes the term which shows tensile stress and shearing stress, this model is reflecting the union 
destruction which the **** effectiveness and the shear effectiveness construct and is generated as 
a ******** result. Supposing it becomes clear that bond breaks in this phase of this model 
operation, the formula which defines this model will be adjusted in consideration of the destroyed 
bond. That is, in the count which follows, as for the destroyed bond, Ea and the adjacent angle c of 
bond which were destroyed in the count to which 0 and a modulus of shearing elasticity are 
assumed that a modulus of elasticity in tension is 0, consequently it follows are assumed to be 0, 
respectively. If it has another way of speaking, the structure of this model will be readjusted in 
consideration of the destroyed bond. This model returns to the step which calculates the specific 
location of the joint which gives the minimum value of total energy H after such adjustment. It turns 
out that these new locations usually differ from the location which gives the minimum value of total 
strain energy to all the bond that is not destroyed. 

[0043] After re-calculating the minimum value, the energy of each bond is again calculated to a new 
joint location, subsequently it is again tested to the proper value of U, and destroyed another bond 
is checked. When the bond destroyed further is found, the above-mentioned process is repeated 
until the count like a **** joint being strange stops generating the bond destroyed more than it. 
(Setting to either of the count after readjusting count of the beginning of the minimum strain energy, 
or the formula of a model) If this condition is reached, that result will be checked and it will judge 
whether the train of whether destructive destruction has taken place and the destroyed bond 
crossed the matrix completely, and is prolonged. If this judgment result is no, the deformation 
assumed first will be made to increase and an above-mentioned step will be repeated again. 
[0044] This operation cycle is repeated until it is shown that this model has caused destructive 
destruction. At this time, this model judges whether the mode of destruction, i.e., destruction, has 
happened from the identity of the destroyed bond only to the matrix, or it has happened to the both 
sides of a matrix and fiber. After simulating the first destructive destruction, in this model, only the 
daily dose which was able to determine fiber length beforehand is increased or decreased. It can 
decide beforehand and this broken daily dose can be made into the constant rate or the rate of a 
constant ratio of fiber length. If the destructive destruction observed by the fiber length of the used 
last has taken place only to the matrix, fiber length will be made to increase with this model. If fiber 
destruction is observed, fiber length will be decreased with this model. After making fiber length 
fluctuate, in this model, the operation mentioned above is repeated that another destructive 
destruction by new fiber length should be simulated. This cycle is continued until destruction of only 
at least one fiber and destruction of only at least one matrix are simulated. Let critical die length or 
boundary value of destruction of only a matrix, and destruction of fiber be the greatest fiber length 
which gives destruction of only a matrix, and the middle value of the minimum fiber length which 
gives fiber destruction. The critical aspect ratio of a joint model is equal to what carried out division 
of this critical die length for the assumption diameter of fiber. If the diameter of fiber is assumed to 
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be 1 like the specific model of drawing 4 , a critical aspect ratio will become equal to critical die 
length. Therefore, this model determines a critical aspect ratio to the any value of Ef, Em, Uf, and 
Urn. 

[0045] The vocabulary "the joint model criticality aspect ratio (Sc, nm, and notation)" used on these 
specifications means the critical aspect ratio determined by the approach which used the 
above-mentioned model. The joint model criticality aspect ratios Sc and nm are the functions of an 
elastic modulus E (E=Ef/Em) and cohesive energy U (U=Uf/Um) in more detail, thus, the modulus of 
elasticity of fiber and a matrix and cohesive energy — the ratio of these parameters determines a 
joint model criticality aspect ratio in more detail. 

[0046] A joint model criticality aspect ratio indicates the pattern of the same change substantially to 
be an above-mentioned analytical criticality aspect ratio to U and E. That is, the specific range of an 
elastic modulus E where critical die length serves as min exists to the any value of U. The pattern of 
change of both an analytical criticality aspect ratio and a joint model criticality aspect ratio is shown 
in drawing 6 per some values of U. In drawing 6 , Sc expresses the joint criticality aspect ratios Sc 
and nm. As mentioned above, when the value of RO and R1 used for count of the analytical 
criticality aspect ratios Sc and ana is proofread to a joint model, the value of Sc and ana becomes 
the same substantially with the value given to the joint model criticality aspect ratio to the same 
value of U and E. 

[0047] The dependency to U and E of the critical aspect ratio which became clear by the joint 
model and the analytical technique which were mentioned above offers some very important results, 
and they are utilized also in this invention. Behavior of an analytical criticality aspect ratio in case E 
changes is important. The minimum value carried out clearly exists in the value of Sc, ana, Sc, and 
nm. the minimum value [ as opposed to / although the actual values of Sc, ana, Sc, and nm differ to 
the value from which U differs / the suitable value (about 1- about 5) of U ] of both Sc, ana, Sc, 
and nm — about 10- about 20 — it is usually within the limits of about 13 - about 18 E. If it has 
another way of speaking, in order to give the minimum critical aspect ratio, by the matter which has 
the ratio which cohesive energy can take with the relation mentioned above, as for fiber and a 
matrix, it is shown being [ about ] 10 - being [ 20 ] abbreviation, and that it is preferably desirable 
about 13 - abbreviation 18, and to have the Ef/Em value of about 15 still more preferably. 
[0048] The value of the modulus of elasticity in tension (Ef) of the fiber used by the decision of Sc, 
nm, Sc, and ana and the modulus of elasticity in tension (Em) of a matrix can be selected and used 
from the standard physical-properties value reported to the known collection of physical-properties 
data. Similarly it can take out from the data of this fiber with the diameter usually used for complex 
with which the value of the cohesive energy Uf of fiber was also acquired based on the trial of the 
fiber, and can use. Generally this data is available. Since the defect of typical fiber is very low when 
the data of cohesive energy are obtained from the trial of fiber, data from the first are not 
substantially influenced according to an external factor like the defect in a sample. Especially a glass 
fiber has a quite small rate of a defect from the first, and the data of the cohesive energy of the 
glass fiber obtained from the breakage test of the fiber carried out good usually reflect the true 
cohesive energy of fiber. However, most number of defects are included with the sample of a large 
matrix ingredient of ** which is usually used by the test of the physical-properties data for 
engineering about an ingredient. The value of the cohesive energy obtained from the trial of such a 
sample turns into a far small value from the value of the cohesive energy obtained by the trial of the 
sample which does not have a defect substantially. If the value of Urn which the defect reflected is 
used with the value of Uf which does not have a defect substantially, the synthetic value of U will 
not reflect the true ratio of the cohesive energy of fiber and a matrix. 

[0049] The value of Urn without the effect of "truth" or a defect can make the microscale sample of 
a matrix ingredient with the dimension of fiber, and the same dimension, and can obtain it by testing 
this sample. 

[0050] The true value of the ratio of cohesive energy to the combination of the arbitration of textile 
materials and a matrix ingredient and the true value of Urn of a matrix ingredient are acquired by 
performing the physical test of the single fiber thin complex which it comes to include in textile 
materials with known Uf of the matrix ingredient which poses a problem. This physical test 
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determines the critical aspect ratio of the system containing this matrix ingredient and known textile 
materials. A critical aspect ratio can be used in order to determine the value of proper U with the 
value of Sc and nm to the known value of Ef and Urn, and various combination of E and U. Moreover, 
this value can be used with the known value of Uf, in order to determine the value of Urn of a matrix 
ingredient. 

[0051] for example, a carbon fiber — the value of Ef — 250 — the values of GPa(s) and Uf are 

0. 0405GPa(s) and the values of Em of the matrix ingredient of a pure epoxy resin are 2.7GPa(s). 
Therefore, the value of E of the system of an epoxy matrix / carbon fiber is 250/2.7, about 92.6 [ 

1. e., ]. A physical test shows that Sc of this system is about 62. When these values are used with the 
data shown with the curve of drawing 6 , it is shown that the cohesive energy ratio U of this system 
is about 1.5. That is, as for the system which is about 62, the value of Sc has the value of E on the 
curve of U= 1.5 by about 92.6. Therefore, 1.5=Ucarbon fibers/Uepoxy matrix It becomes. It will be 
set to Uepoxy matrix=0.027GPa if the known value of Ucarbon fibers is assigned. This value of Urn 
can be used in order to determine Sc using the analysis type or joint model mentioned above in 
relation to a carbon fiber or other fiber. 

[0052] Moreover, the above-mentioned result offers the guide for changing complex. As shown in 
Table 1, the typical complex which includes a glass fiber or fiber like a carbon fiber in a 
macromolecule matrix, and becomes and which was used before this invention has the property of 
the proper which gives a critical big aspect ratio. 
[0053] 
[Table 1] 

A glass fiber and a carbon fiber, and a typical thermoplastic polymer and thermosetting polymer 
Elastic modulus of the fiber/polymer of the used complex E (= Ef/Em) 
Em (GPa) Glass (Ef=75GPa) Carbon (Ef=250GPa) Thermoplastic polymer PMMA 2.7 28 92 
Polycarbonate 2.3 33 106 Polystyrene 2.7 28 92 Thermosetting polymer Polyester 2.0 38 125 Vinyl 
ester 2.4 31 104 Epoxy 2.728 92 [0054] For example, the contact mode criticality aspect ratio of the 
complex which contains a carbon fiber (Ef=250GPa, Uf=0.091GPa) in an epoxy matrix (Em=2.7GPa, 
Um=0.027GPa) is about 62. However, the theoretical complex with another value of E and/or U has 
a smaller critical aspect ratio so that drawing 6 may see. By the system of U= 1.5, the minimum 
value of Sc is about 11-12, and this is about generated from E= 10 to E= 15. If it has another way of 
speaking, the system of this epoxy matrix / carbon fiber is not the optimal about a critical aspect 
ratio. In the case of the complex of the same pure epoxy resin matrix and a glass fiber with 
Ef=250GPa and Uf=0.091GPa, about 28 U is set to about 3.3 by E. At this time, a critical aspect 
ratio is about 82. However, Sc of the complex of U= 3.3 and the minimum value of nm are smaller 
than 50, and this produces E from about 11 in 15. The critical aspect ratio of other same complex 
using other polymer matrices becomes this Sc obtained, and the minimum value of nm and the thing 
which was far different widely similarly. 

[0055] According to still more nearly another mode of this invention, the physical means which 
changes the property of fiber, a matrix, or its both into complex is included, and fiber, a matrix, or its 
both can show the peculiar property of pure solid textile materials or a pure solid matrix ingredient, 
and a clearly different property. This modification is chosen so that the critical aspect ratio decided 
with the property to which only fiber and a matrix are applied may become smaller than the critical 
aspect ratio decided with the peculiar property of textile materials and the matrix ingredient itself. If 
it has another way of speaking, the physical means included in fiber or a matrix will change the 
method of an operation of these matter so that these ingredients may have a different physical 
property from the property of a pure solid ingredient. These different physical properties produce a 
smaller critical aspect ratio. The virtual complex incorporating the various physical means which can 
be used in order to attain this purpose is shown in drawing 7 . One fiber 40 is formed from textile 
materials with the moduli of elasticity in tension Ef and int of a proper. Fiber 40 has the inner hole 
42 by hollow. Fiber 40 has the spring constant smaller than the solid fiber of the same ingredient. 
And fiber 40 acts like the solid fiber formed from the ingredient with Ef of a smaller value. The value 
of Ef required in order to offer solid cylindrical fiber with the same outer diameter d as this smaller 
value-fiber 40 of Ef and the same tension spring constant is expressed as the elastics modulus Ef 
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and app which only fiber 40 applies here. If it has other ways of speaking, fiber 40 will act like the 
solid fiber formed from the ingredient with the apparent elastics modulus Ef and app. And an inner 
hole 42 changes the elastic modulus to which only fiber 40 is applied, and is decreasing the elastic 
modulus of this appearance to the values Ef and app of appearance smaller than the elastics 
modulus Ef and int of the proper of the ingredient which constitutes fiber effectively. Another fiber 
44 contains the heart 46 of a low elastic modulus, and this heart 46 decreases effectively the elastic 
modulus of the proper of the ingredient which constitutes fiber 44. Furthermore, fiber 48 has a 
flection and is decreasing considerably the elastic modulus to which this flection is decreased 
considerably and applies the rigidity at the time of the tension of fiber only for fiber. It can use in 
order to decrease the elastic modulus to which only textile materials apply other fiber gestalten. For 
example, it may be formed so that fiber may contain a void etc. 

[0056] Moreover, it can change so that the elastic modulus of a proper in which the matrix 
ingredient itself [ this ] also has a matrix, and a different elastic modulus may be shown. For 
example, the impalpable powder 50 of the filler of a rate of high elasticity like a particle which has a 
diameter quite smaller than the diameter of fiber in the matrix ingredient 52 can be incorporated, 
and the elastic modulus over which only a matrix ingredient is covered can be made to increase. In 
the case of the complex which incorporated glass or fiber like carbon into an organic matrix like a 
thermoplastic polymer or a heat-curing polymer, it is desirable to decrease the elastic modulus of 
fiber and to make the elastic modulus of a matrix increase generally so that clearly from Table 1 and 
drawing 6 . When an elastic modulus E is in the low minimum range side in other complex, 
modification opposite to the above is desirable. These modification that changes the elastic modulus 
to which only fiber or a matrix is applied may change the cohesive energy to which only the 
component of one side or both is applied. The physical properties (Ef, app;Em, app;Uf, app, and Urn, 
app) to which only the result is applied determine mutually cooperatively the joint model criticality 
aspect ratios Sc and nm of appearance smaller than the joint model criticality aspect ratios Sc, nm, 
and int of the proper decided according to the physical property of the proper of a matrix ingredient 
pure textile materials and own [ pure ]. As mentioned above, Sc, nm, int, and Sc, nm and app are 
determined by any [ the operation of a joint model or ] of use of an analysis type they are. 
[0057] Of course, according to the mode of this invention of a certain kind, even if it does not 
actually calculate, it can carry out. for example, — if proper modification actually turns into right 
modification of the ingredient itself — this — a proper change can be made, without calculating. The 
count mentioned above and a model can be used in order to determine whether a certain specific 
modification was successful or to be desirable. 

[0058] The analysis type mentioned above and a joint model are directly utilizable for a design 
thru/or manufacture of fiber with the physical property to which only a certain specification is 
applied, and the complex which consists of matrices, the prediction criticality fiber length halfbeak 
decided with the manufacture approach of this complex choosing the physical property to which only 
true fiber and a true matrix are applied, and calculating a critical aspect ratio using such an analysis 
type and/ or a joint model and an analysis type, or a joint model — in order to ask for actual large 
fiber length — this — it includes calculating actual fiber length. Subsequently, selected fiber and the 
selected matrix are included in actual complex by conventional complex manufacturing technology 
like the mold method or casting. 

[0059] The analytical criticality aspect ratio and joint model criticality aspect ratio which were 
mentioned above are drawn using the assumption of thin complex. The actual critical aspect ratio of 
multi-fiber composites with large concentration is best approximated to a joint mode criticality 
aspect ratio a scale factor and by multiplying by about 24 typically. And in order to guarantee that 
fiber is used effectively, as for the aspect ratio of the actual fiber in complex with large 
concentration, it is desirable that it is the about 24 (Sc, nm) above. The aspect ratio of desirable 
actual fiber is under 30 (Sc, nm). It is what should be careful of that the value of E and U which 
gives the minimum criticality aspect ratio to thin complex can be effectively employed also in 
complex with large concentration about this point. That is, as for the physical properties which give 
Min Sc with the thin complex diluted as mentioned above, complex with large concentration also 
gives Min Sc. 
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[0060] Even if an above-mentioned joint model omits the assumption of a certain kind used for the 
shown suitable joint model, it can deform. For example, a joint model can be made to transform 
multi-complex with large concentration by incorporating many joints that a simulation should be 
carried out more soon rather than it expresses more fiber. However, this serves as the 
effectiveness of making computer processing time amount required in order to carry out a model 
increasing considerably. Moreover, clearly, a matrix and fiber can incorporate the additional phase 
like a different intermediate phase of a property between a matrix and fiber, and a joint model can 
change them. In this case, the bond and the include angle in the model which simulates the field of 
complex occupied by the intermediate phase are assigned as a suitable value of Ea and c in Formula 
XI and Formula XII. Moreover, although geometric arrangement [ **** / the joint shown in drawing 4 
] is desirable, it is not limited to this. Equivalent arrangement may be used mathematically [ others ]. 
A form is used although the formulas which are equivalent to Formula XII about other arrangement 
of such arbitration differ. Moreover, although this model is preferably performed with a digital 
computer, other model techniques can also be used for it. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

["Drawing 11 It is the outline sectional view of complex. 

[Drawing 2] It is this schematic drawing of the idealized complex in which the mode of destruction is 
shown. 

[Drawing 3] It is the graph which shows a certain relation used in the example of this invention. 
[Drawing 4] It is drawing showing some models used in another example of this invention. 
[Drawing 51 It is the operation flow chart of the model of drawing 4 . 

[Drawing. 61 It is the graph which shows another relation used by the example with this invention. 
[Drawing 7] It is the same drawing as drawing 1 showing the complex by still more nearly another 
example of this invention. 
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T. K^^UjW. i!>^< tfeJBi ©tt*ttt©lttl6C**U 
XT h'J^Xte^$:*U^-r>'>fi< tfc^2©^Jt© 
«Jftfc**bTlWta9i*35-r*T. ±E©*D*»J|[*«| 

[0 0 12] !f$L<H *58«©:o8ttt:j:5^ft 
X«. MIC ^^©SSSEictOW&nfcfeflHc^JS: 
< tfc— {BttS^X, '>?i< t=b 1 ^>©HI^©g£*ii: 

< <h fe 1 o©H^© v h U i7 x *I«T5Xry 
*^tr. ii^B:lX-7h'J^X«. HK©«|fefttfXK© 



( 5 
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too i 3] *&m<Dz<Dmmz&z>j3mt, mic m 
mmw\z&^Ttt?)v<D<tom®'&&m.'&-?z> : £7 : )m 

^iolc. *l£©i«ii§,hlll&©VbU?X£#;L-5XT- 

<fc^MJ^X©^tfHj-©«|«&<JttflWu &IME#tita<# 
; ex;Plr^L,/ci!>^c< £*> 1 ^OA7/-^CHLT 
«/Jn fc L < tt* ©ifi& ift*i ^rx^Ti^W t fc^totf) 

V h >J ^X©»tt?|WC;tfT&iSMt©#£sp:©»J£<h, fil 

[ooi4] *5£Bjio)3£\zm<?)mu\t, &z>mvx&*>$. 
rzmmt^hv?x<D®m<&ii(om*t2.m?)-'St> : &(ztt 

h u i/x<D^s#tt©a^©ffi^t)-B-{c«-r-5fs 

JMJE*Jt&H-J|ru «/ht>L<tt*©ifi8©ttJM8«SH: 
v h 'J ^X©^S#i4©m*^-t>l±*^ 

jru $ azm.mm^nrz^im^o)m.^t>^^-r 40 

[0 0 1 5] *%B^cDMtCgiJC7)^« % g-*@=fr©4&31 
«tfc£«iLX«r»*. ii&itRtfvhU^x^c:ft£©*m 



#^¥5- 2 0 0 8 8 8 
8 

•?-©*-AHt©#tt^Xti^*Ht©g»x^;i/^— xtt-e 

ststf/xia^ h u i?x©wttoii#tttt€ne.# 

^i#©@*©#>S#ttiteg&o£*>©£ft-5. 
S:^h'J^X©C©^^©©)31#14{±. ssai©H* 

UMHiutJ: o ^RffimttzMfcTz, *>©x;& 
S'j©m^**-rn«. ^Rtf/im-Ti-y^x© 

C©*ant©#j3#tt£gi5*^5^uc&UX&ffit-£ 
#6n^Bg^SSit--*^#^-xrt±*-*Ht©g5 

&vtfr*>-rti2> z. tx.zf/x\tmm&%v>'t>\zm.?>.&-£. 

m$>2> uli v h ij ? x 4>© c © <fc 5 &3fc**t&-5 tittJi? 
©^eyx«. H#ffi#«E«iitRtx**Ht©ie^tgE«ijt 

«H^©«W5£T-£i;£; L fe t> ©X& o T t> J: 

[0016] *%Bg©dn^©^«(ci;^^#4tt. ±& 

tf. £©,£{;: K U a&*W»*i*^W©^©aieitc«fcs 
t> 0*^5 . ft**?;!' fc ct -a 7" y □ — 

[0017] *^Hj©cne.©^mrt. — *i«a^att« 
o*. HJ-fe«S:©afcai**StMc««sp?f{c^TVi-5« 

tj&i-c^-s. *^^©ctie,©^«tt, H(?ttjs©iSfeti 

3 £ t *iT * Z> Hfi % II A»6 Jtt v h u 

:7X*m. gp^-7hU^X©±ggg^*^g!{t:tt^'J T 

-^^^imtt^ u v-© i ^ ^wts«^ e. v h u 

[0 0 18] 

[^JS^J] j£868Hbtt^#:tt-7 h 'J 5^ X 1 2 ^IC^&© 
111 OA^tLTl^. ZtlZMm 1 0©*ft:^fi$ 
L. ¥id0ifil^OT*5. tt^^©-r^T©^ 

m». 9«. *tt<it>att«iicttmi;*SLSflr-r 
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mtiLG##<Dvm<D&z£-a-5mt* «-&#*©8i*fi© 
<d*~?7> cf^M) T-s>-g)o mmz. m-k&<pcom* 

&m?&m&itVl$LI,SmM#)\ZPl&tf:T:$>Z>fr. CCD 

8?£*l-5^£T-&£. 0 1 ©tg£#©jt*t 1 Ott&ftIK 
$ttfc (77^^ hit) Sact ^^-r^. *^iW#JC*3ti 

T«a«iJtsact tti, jtatc*f-r-sg$©tt-e*o, bp 

•^Sact =L/dT^. 
[0 0 19] ill;iLTS-&*B r-^|S]j 

-s»„ ifc, micom^mt r*s«u mmm^wx-h 20 

[0 0 2 0] mmi 0*5-7 MJ^Xl 2lw$tL-T«'&#: 

lc &Q*2^mm&t<-(:\tmmzim*m.m?z>. 
[0021] &-s&<D%Lm\zmt>z>m.m$:. 1 #©is*t 

•5. A«4s^fi©|g"&#:£^L, B li*g-&#©fi£«*?fm 
«fc9/h;£^5l««f«©fc£T<&tt£#£jST. «£14 40 

0^^<fi^t> a^lttTK'J^7.«t»3t>H«</i.5. fit 

i^tv h U^X-h©^-^-*,^©^^ iSSifti;:!!^ 
£©;*J«7 MJ ^XW^lcJ; D> */f?h 

^X<fc^M£©P^Kfe*5SJ&^te&Stc*#<. *rCD& 50 
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nizM i P-t2>fctii>mmTz>. m.m\zfct>2>ti. sp-^gs 
*irt©§i3i^«. &-smzijat>z>ffimtfmmisfr-2-? 

Xte88$tl 4^«-r-5milw2 0 T^T «fc o CUtSSW® 
[0 0 2 2] TSOD> E. FttfSUUte v HJ^Xl 

6 - 1 4 - £^-ra<. jtm 1 4 - tugg 1 4 «t 
4' ©M38©^Mi^x©®jgu 8' tcjnfco. mmi 

L*>L. ttf£l4" teittStSUgV*©"?, fugle 

iofc>£§l3HSfSte v h V ? xizM'PTrz>1Sim\zit'<it& 
^©£Sm. tfttfel4' tt-^ HJ* xtfffitti 

[0 0 2 3] rgg^fi^j tt^flilgttftfljfcifciftjfes 
Lc £.«"#U Lc J:DM^S2L©@U£teThU^X 
^@-r-5^-5Sti (CicS*) Sr^L. Lc iOSU 

svr. isieiicegifassiitsciO'jN^uiK^itsact £ 

»««JtSc «tD**lr»««J±Sact £^8&ftTtel« 

[0 0 2 4] **W©-JB«tt. Wtf7hU^©« 
•*ftS&£*3-&T©BMM8$$ttSc ^MTSSrbl^W 

tfcSc ©^SiV^^W-r-S^rL^^iCSrmaSLfcC: 

T, «rUV»M«!Stt. (d i 1 u t e) j «£• 

v h u i7 xffi^ficnt— r>©IWt*«#aEL-Tt»* «fc 5 
«^©¥^§l?il>r«-t^L<^-g>„ ift^j;^ 



11 

mm-r^izmo. v»t©(Es. wzmmn 

jt^tife^^^^itw^^d^^n^. sic. mmt-? 

©StlrteilfgicSSncii:. so:. dcD*^{c*5^TZ>-r 
*©**ttttttte^Cl£jWKJt£n*. ^iO, It*!© 

[0 0 2 5] ltti©*^SFfiHC»oJfc«E* 

izfe^fcmmx tmm&Wityzjj&HD 1 o©.$.©,ggsi£ 

af ( x ) = V± (rm[:i _ cosh 
Em 
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^<i:©•ir-7.ic^^^T^e<)7Sfcc5Ti.^)„ ^T©/PW 
5CR^gS;Tti2^:7cJSSm^ffl^-5. iSi#£©S£l;: 

-^Tttx = 0. AS3gTttx = L (LfcMtjH©g£) £ 

10 fo«*T&-5) chiciO. «*t©ft**lRlfc*»t*ttiS 
©j£xT©^©§l3lj£;fcaf£vHJ£x©3I^Jt;:*j 

[&1] 
P (x-L/2) /rf 



c o 



s h PL/2 rf 
[#2] 



] 



-4 



2Ef (1+vm) (R/rf-1) 



(I) 



(ID 



[0026] mmt£^7Ljj-v> m.m<v&2 jjfa\z&\fz> 



ri(x) =p Ef ffn[ sinh/> ( 

Em cosh PL/2 rf 



20 tt.#©^xT©VhU^X-iS^^IC#ft-r«.1±/ufr 

5 fete -5. 

[S3] 
x-L/2) /rf 



] 



(III) 



So 

[0 0 2 7] -3*0. VHJ*X£tt*i©ra;#*«#tt« 
Srof. ^©Jft^Jt&^jSaf*. ThUJXC^So 
uf»=V 2Ef Uf 
(7 m*=V 2 Em Um 

-5. £CT*l#:7E©ttE£Ef/Ein<h$t«U [sUticM 

&7C©JtU£Uf/Umi£*-r-5. ^n^stftStf Ic 

1 E 

Sc= — cosh" 1 [ ■ ] 

P E-VUE 



<£>. rumj «n&IWt*«7y^OftIiJK«3a:C5> 
30 (of*) '/2 Efiife*. Z.<DjZ.\r&<D&o\zmWkZ-*> 
[*4] 



l»5] 



(IV) 



(V) 



£«£±fB5£ (I) MtATS <fc its \ZX&tfi% n 
-5. 
IISC6] 

(VI) 



±BK*V»TSctttt!Mi8ttfc-l?fc*. 
[0 0 2 8] HfRjfcV I tt. Mflkft3l9Mia7 MJ * 

s i n h P Sc 



ic^Lfct#. id*i©— m (x = 0) TOtt^At 

ens. 

[ft7] 



(X = 0) = Tl*= P [ 



cosh 



] erf* 



(VII) 



PSc- 1 

50 5. L*tc«y h 'J^X©IR«^»?^tt, ?h'J 
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ri= \/2Gm Un 

0 c - 1 

Z.Z.T* 

c= (R/rf-l) ^ ^ 
U 

[0 0 2 9] C<DJ:pt^ ^VI«I X\-mM(D^tf 
l:@3(t U= 2 T~&Z>m&mz~D^X. E^£*IT 

1±(D*^2^CD^«(7)^*-XA«S^^^fitCO^^ 
etitSc£3fl>T^£o ETCDffi;tOMlC:fe^TJ:D* 

ft&z&femr&MzmmztiZo mom^z-rn 
tr. E<Dtt&mmm\z&^T$>z>ucDmiztti>. m& 

— Ec7)*i^MtC:fc^Tte, 

m \zmm*mmffim tzm?z z. t &mm\zTz>tzsb\z>& 
[0030] *wmm*\z£>^Tm^£>nz> mviwm 30 

Ef, Urn, *7V>JtVDi) CWLSc, ana£^£ 

^-c^X&^o Sc. &M<DU\ZttlsT. analiE<£)^ 

£Emins£S;b"3"o 
[0 0 3 1]*1 X£5S;V I OM**6»6tl*fe* 

\*. rt5*-*R\z$>T&t>nz>m\z—m&W't2>. z. 
(Dm\t. zLnzo^zmmztiT^zmcDrt?*— &<d 40 

tfSJCffiJBSn*. EminsJ^T<7>EC9/h£^ffi (ftStf) 
\Zit, *V I <£><fi/^iU X«tOS5^ffiSr#7t*a-&) T 
te> RttSSR.tLTftbn^ Einins«fcO;fc€^E 
RttEfcHtfJtm - *. ftoT. RttR,E 
(RittSft) tltftbn^o ^SRo tR,©lttl 
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(VIII) 
(I X) 

[ftlO] 

(X) 

T, — ^ttEminsiD'hS^ESSfrU fiS^teEmins 

Es^ucoKSi^ffl^±McD*:{cftA-r^c<h 

12, R.IS^JO. 5 7ift^ 0 R,aiXR,*«EC!)-2r> 

<DmzttVTffi&*T)i'&m^T&7£2nz>M&. u<d 
mvmz&uTE<&m<DmziiisT±m<D3:iz$£'z>T&: 

feZtl&Sc. anate, ufl^ EOteOffiiCfcTT £>6fa£^E: 
rtltf, — fi. ^W*^2^fC^^Tgp^ :: E^;l/T 5 feIE 

[0 0 3.2] **«©9J©Httl:j;ftH Jf-&#£>eg# 

^W^tkT. cotf ;ni«»io*> H 3 2 ttti 

(Cft£3tt£ttftA®flfjA3 0££tf. flp*3 0t#> 
H3 2liM»& ! b©Tfe§o IP*>, cn^H 4£|3lJ$ 
£ b T?y ffif £ *I tttt lr^*«, =E 7^1/ f Tffl 1/ > »b> 

»^3 0ali7hiJJ^fi^U M3 0 
b»4IWIIrt©jft*«r. #>H32tt, VjA3 0ncD« 

mt^m^\zMT^^mj^<D^tz.n^<Dm^m\zi^m 

t5AtO«IB«tLT»bLTU5. It 4 ICS 
*bU 589 Officii v h U ^X^blTW. * 

Ttt, m— <DB*miz&Q 2^7c^E^;uT^$n^> B 
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[0 0 3 3] uMtJUI *>K3 2H »#>F© 

"T** XBTh»J?X©»,«3 0 ahffiM<DB&3 0 b 
SfS^t5**>H3 2alt T K V {7X<DW&m\Zit 

m?&tt&i£Wc£m-rz>x7v>!f£VTmt>n. mm 

K 3 2 btt. IWIO#tt*^Jt«"r*tfia«*Sr*-r* 
>F3 2 aW&oJfc#fi<&*ttEa (r- r.) 

#>H©ft*Sr**>r. n«»C. ffitO*>H3 2bk: 
S*UT, Jl©#>Ffc»-D*:*t4E f (r-r„) K^g 

[0034] Mtc. Thu^xw^-e-Arwastsat) 

1 1 
H = — Ea Zij (rij-ro) 2 +— c 

2 2 
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tf*a3tft»4T h U *X»*kD5M»En© 1/7T*4 

tf, il»fThU^XH — »C#7V>ltvB*t0. 
0. 2T*S. LfrU *^Ex;U«SS*S^*^-rc7)iC- 

^IS0SiSvni-vf=O. l<hVi-5ili:$ 
j£«rr*. fai;0tt2«to^«-J*O#>H^^Tc (0 

oUWkktftte] — ->3 > • 7sZf*j>if<D— a«srr. ^ 

LT#>K3 2a,l«A, 0B, 0C, 0 D£> 4 :?<Z);SS 

tf, BO0AHU 0jA3Oa,, 3 0 b,R^3 0 b^fi: 
[0 0 3 5] dcoa©^:»-r*x*;^— tt^cafcio 
[Kill 

:ijk ( c o s 0 i jk— c o s 0 o) 2 

(XI) 



20 



j, kttt^T^K^fltl, rtt*>HO*SXtt 
BSinftioScM i <h j IB<Bffi***toU Ea 
tt"? h U i^X©#> K 3 2 a *fg^t* i , j {C^fbT 



30 Kicft^^fn^i^^i, e 0 \$^<Dfi&<D 

iti5EfilTf6 0 o «h&^7*n& ; c «bS^O I — zsa > • 
>^<Dtffa3£»TEin/10T&*. 
[0 0 3 6] *^7\^K::fel>Ttt*<Be*<Z>3tf> KICK 

[*12] 



hbond=i Ea ( r - ro) 2 +l- [i c Z i jk=neighbors (cos 0ijk- c o s do) 2 ] 



C£ThbondteF«^£LT^£^#> F<Z>X*;U*— 40 
T£>^„ "ijk=neighbors" £^-5*^tt> HIB&LT 

2 a, ilglLT. mfU\*0A. 0B, 0 CRtf 0 DCDJS£^ 

a-ci^o dco^o^Ktgftic^a-r^x^^^-oi 
/2(Z)*^is6<7>^*Tpg)at3ns#> F^w^r 

«»«CRia-rsX*;^-(^l/2S:-&OfeOi:UTa 50 



(XII) 

[0 0 3 7] ^rJHii 5 (3^nfc-MX+-A 
♦trM, lp^3 0b,^8litJ:0ttrL5-?hU 

^x^tc^ins^^u a^cn«t#j6LT, mm 
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Wm-?Z>t. ZLft\$. |*30a,. 3 0a s Rtf3 0a 
.H^OSST, gp",£3 0,, 3 0a,W3 0,lixO>? 

[0 0 3 8] %.e>&W7>7 L v7T'\t. feCDT^Tffi&O) 10 

IP^±fBT<£^£*lfcgpj&&M3 0 a, - 3 0 a, S. 
1^3 0, - 3 0, t-gc-T-Sx, y#f«] (ufXItil) K&tt 

st<x©to55 r <d ®.t» u z>m% «fc 0 , 

[0 0 3 9] * ; Ex;U t t , ©#>HiASCD<iSrS^6»tt 

THCDM^XmcS^ir^TSCltT^T^,, S'J© 20 
Sv^£-r*U£. Hit. &3iX&£#;t-r£-r-<T©ft: 
OT^T^T©gp\£©x, y&M©ffi©M&T 

M'hm iz mm? z>n& #^fc©<i & p^x-s s „ 

^■a-ic^ussft^ff ^ct^^ty. mftztiz^z®. 
yux (Press) bT'$>z> r$cmm 

f^^fr^tSS (Nunerical Recipes, The Art of Si 
entificComputing)j dr>^U y i?±¥Wft. 198 

&?gl 0 3§ncP^£nTlA&., dO*TB§*$tiycrt$ 40 
ZMTizmmTZ. 

[0040] m'Mtmt. ^(Di&^mz^.-ox^.m 

2tiZ>&-Ayt ( £ffllz£i\,->TWt.t>n. fr-D. — S©5-f> 
ft/Mb (Line minimi zat ions^^rTt"^ Z\ t. \z i D . 
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Vifc<0-5ft/h^T}4 (steepest descent m 
eehod) tt. &£#Sc©;^T7-'f >S/Mfc£rT<^. 

WRff T©^E©;5ra©uf gSlCteoTHlC 51* >g/Mk£ 

\zw.n/uTz>&. frfiK>mmtm^(o-c. —&mz\z$> 

&&£jEi* (conjugate gradient method) £%f£?lT 

it*** mtzm<jjfti)m'&tti.z&oizMft2tirz-m 

0*l6jlC)GoTilrT$tl^. ^>$t). *:C»^1S.$>Z> — 
0©^(p!©^^ F)Ut "^\->7>" ( "Hessian" ) ft 

mtwznz>3bz&fc<Dftmtcom\t. ^\zm<^h 
)i<tmvrzt%\zmtf3:z>^>7 F;u££j5£u *»t>. 

F©*KH;:3I3 0 5~3 0 6MI'l2^$nT^ 

[0 0 4 1] Mill, fes^f^Tmi^;^ 

^©Xfy7'T > ±?2^XII(-ti£oT#>FtC|g^T-g. 
Z>-r*-x^)^-?rtr^-r^. trS£Snfe&#>F©x 
^M^-hbondfi, ^X^co^y F©jj§SJfr&*x 

F 3 2 a ©ig-&X^;i/^-«-7 h 'J ^7 X©^*x^ 

;p^-umtJt«$n. i§a«s*>F©r>-r*-x^;^— 
ttiili«l©®*x^;m:-uftitlSe$n^o *^>^o 
^> F(rK»-r-5?>-r*-x^;^-^©#> Flcua 
-r^®*x^;u^-^iS^.it«^ ^©^^^>F« 

[0 0 4 2] z.<D7,7-v-fo>^mv$. ^^^(ommfs. 
&®.\zM&LT^2>. ^^-f^x^;^-©^;, 
fe<n#> Fizmm?z&TZh3L*ji<*—(D3S.\3.m i &foti 

«S^S««!iTi^. fcb. #>f^* ; &x)U^cd:: 
«-ri.^;«5S«snfc#>F^#«LTiis^n-5„ -d 

?*tt^0. -frA/»f#tt^0T*-5tig^$n. ^-W 
IS*. «Sc-r-5W-Stlr*3UT. «t**lfc#>l«OEa 

x^;|/^-H©S'hM^-^^.^©*©#^{4g^fr^-r 



( 11 

19 

[0043] m'^m&mmg.isfz'&, f@^co^>Kwx 

@oT^-5;^£*5A\ W*>. ^^nfc#>K©2?iJ^ 10 

[0044] c omwy-i pMt. ^^juAmmmm 

©iftlUlti. vhU?X©*©&«£#*&§*©jgs$ 

* $ £ *g*t £ 3 s /Miut s £ © * m od m t -r 

&2lZ%fL<tlZ>. S£oT. Ef, Em. UfRXAJmtfJft 

[0045] *:?gjfflST-ffliie,nTVi-5 m.^^jim 

RMffiit (ScnmtSIB) J ffligli, ±15^7^ 40 

(E=Ef/Em) tI*x*M-U (U = Uf/Um) 

[0 0 4 6] B&^jmRmwiitu. URtfElCttL 
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I^T. Sctigp^Bg^^itSc,niD$«t)LTV^. ± 

fcR, £R, ©ffl^m^^x^JC^LTfel^tlfe*^. 
S c, anaCDfiite. [r) D" U t E ©fit IC^T-S^/S^Ex 

Mitt iztt lt4 a n^fit t mm. m \z i?) u tztt z> . 
[0047] ±mLfzW&^)iRzfmvT&)^&T'$m 

LtzfaRM&itcoiJ&Zf-E^O&i&mt. ^<~z>fr(D# 

fflsn*.. E*s^b-r-5<h#©^«r«iis#jsmc5^«» 

£^«SH-r-&-5,, Sc,ana£Sc.nm©filtC«tto^t» 
£ bfcft/Jvfiri^ft-T^. Sc, ana£ Sc, nmco^OM 

au©s*^ii;^bTi*i.^ unmwttm mi 

~£) 5 ) iZtt-?2> Sc, ana£ Sc, nm(£>i^<Z>^/Mite* 
mi 0~i&2 0, 1^14151 3 1 8 0EO|gHrtlc 

*-5o s'j»sv^^m«, ±a?Lfcs«jc<j;o. mm 

mit&5-z.2>fziib\z. IEiM?h^Xtt, DlO~ 
^2 0. JFSL<li|f|13~ftl8. MICjfiL<tt^ 

[0 0 4 8] ScmtScanaCDVtfe-vm^ibtl&ffim 
n^m&ti-m (Ef) t7MJ^X®?H#tt* (Em) 

<a^e,M^i±ibTffl^^^£^T^^„ mmiz. mm<D 
mM**)u*-uf<Dm*>. t<vm.m<»f£.wnzm-3\,>T 
nzntz. iM.-&mzmi?;m^t>nT^z>\&m&ft-omM 

o tLftmmmizz-o -cmmmz&w&g;vz> z 

^Ax^^-wx-^ttS^, ^CD«og*x^;u 

coa^T-f#fc^mx^;t,^-©fit «t 0 fc. «^AMC/Jn$ 
twitted. feb^Rg^'Jg^LfcUniODfiiSr^MWfC^ 

[0 0 4 9] rRcOj iScUli^fiSco^gd^UUmCDM 

h T -5 ^ <t IC =fc 0 ft -5 d £ d<T # -5 „ 
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